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Abstract
As an important method to relieve the coal-rock dynamic disaster, the water injection technology has drawn
increasing attention in recent years. It is important to monitor the water injection condition with a stable method. 
What can measure the injected water is the non-contact high pressure water injection flow meter using the magnetic 
technology. The data can reflect the movement of the coalbed and effect of the risk relieving work. With the use of 
the non-contact magnetic measurement technology, this system has very good anti-jamming and environmental 
capability. It also implements the remote monitoring with the date transfer system. This new design can not only 
solve the digital monitoring water injection, but also improve the safety condition of mining.
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Society for 
Resources, Environment and Engineering
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1. Introduction
Coal-rock dynamic disaster and gas outburst disaster seriously threaten the workers’ life and machines. 
Especially with the increasing depth of coalbed, these disasters have become more and more serious. 
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Water injection technology, which includes static pressure water injection and high pressure water 
injection, is one of the important hazard control methods to solve these disasters [1]. To control the 
pressure and water injected volume accurately is the key factors for applying this technology. At the same 
time, the cracks change and influential area of the coalbed can be measured and calculated with these 
parameters [2]. Therefore a reliable method of calculating the water injection efficiency, measuring the 
disaster remission condition, and monitoring the changes of pressure and water injection rate is essential
[3, 4].
The traditional water flow meter can be divided into five types: mechanical equipment, resistance 
equipment, electromagnetism equipment, backset equipment and doppler equipment etc. Those injectors’ 
measure level has been limited to a narrow range, and is very difficult to implement long time stable 
measure functions under some adverse working conditions, such as in digging room of mining. Therefore 
up to now, no high pressure flow meter can be successfully used for a long time. To solve the 
measurement problem, developing a new method is an imperative issue. The method should be applicable 
to the special working conditions and implement the monitoring function. Through our study, we think 
that to measure the injector working state is easier to realize the monitor function than to measure the 
injected water or mixture.
2. The theory of the non-contact high pressure water injection flow meter
The high pressure water injector used in mining is usually designed as the plunger type which was 
used to raise the pressure of water by reciprocating motion and connecting a crankshaft. The plunger
connected with the crankshaft finished the injection function step-wise. 
In general, the liquid is known as a kind of incompressible material. Thus, with the known plungers 
number, its diameter and piston stroke, the injected water volume for every cycle can be calculated. The 
model is described as follows:
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where V is the injected water volume for every cycle; D is the diameter of the plunger; l is the piston 
stroke; x is the number of plungers.
This system records the rotating cycle and cycle times, and compare the record time with 60s. When:
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where n is the crankshaft motion cycles; and ti is the rotating cycle of the crankshaft rotation; n is 
defined as effect cycle. 
With the data, crankshaft rev can be calculated (3). 
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where v is real time crankshaft rev, n is the crankshaft motion cycles.
The pumped water flow form outlet can be described as follows:
   L1 = V ή ݒ       ݉
3/ܯ                                                                                                                   (4)
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where L1 is water flow from the outlet; V is detrusion water volume for every motion cycle; and v is
the crankshaft rev.
There is a pressure relief port which is used to control the injected water pressure on the injector. 
When the water pressure has arrived at the set value or the safety pressure of the injector, this port begins 
to work. With the relief port action, model 4 should be described as follows:
  L = L1 െ Lr     m
3/M                                                                                                                        (5)
where L is the effective injected water volume; L1 is water flow from the outlet; Lr is water flow of 
pressure relief port. 
In water injection process, before the water pressure arrives at the set value, the pressure relief port 
keeps closing (Lr=0). With the water flows in coalbed, when it is full of fracture system in the influenced 
area of coal bed and the injected water pressure arrive the set value, the pressure relief port begins to 
work. Under the high pressure condition, some new cracks will be formed in the coalbed and more space 
will exist. On the flow meter, new water injection process can be monitored. 
This cycle will go on and on during the risk reliving work process. If the injector keeps on pumping 
water for a long time and the pressure still in a low condition, the coalbed fracture system should be 
checked to see whether the water flows out from other places (from the coal wall or faults). 
With these steps, this system can draw the graph as follows:
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Fig. 1. Water flow changes in water injection process
Based on the process, the injected water volume can be calculated. The water injection efficiency and 
the disaster remission condition can be evaluated as well.
Sometimes the old machine’s plunger piston airtightness may be not in a good condition. In order to 
solve this issue, a correction coefficient should be used to correct the data. During the use of the piston 
airtightness test function of the system, the outlet of the injector should be close, L1=0. The system will 
keep on working for a certain minutes, and calculating the correction coefficient with the following model:
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where k is the injector’s correction coefficient; T is the test minutes (System default value is 10 
minutes), Lrt is the pressure relief water flow, L1t is theoretical value for the water pumped per minute. 
With this correction coefficient and model 5, final model for this high pressure water injection flow 
meter system can be gat, which is described as:
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where T is test minutes; L1t is the theoretical value for water pumped per minute, Lrt is the pressure 
relief water flow; D is the diameter of the plunger; l is piston stroke; x is the number of plungers; n is the 
crankshaft motion cycles; ti is rotating cycle of the crankshaft rotation; and Lr is the pressure relief water 
volume.
3. The hardware theory of the non-contact high pressure water injection flow 
meter
As to the requirement design of the flow meter, there are eight function modules in the equipment i.e.
sensor design, circuit insulate system, comprehensive information processor system, program system, 
control system, safety data memory system, display system and data transfer system. The structure 
diagram of the equipment is as follows: 
Fig. 2. The structure diagram of Non-contact High Pressure Water Injection Flow Meter
3.1. The design of non-contact sensor and circuit insulate system
The working environment of the injector flow meter is very complex. It has many unfavorable factors
for circuits such as heavy dust, high humidity, strenuous vibration etc. As a series of non-contact 
technology which doesn’t need keeping in touch with the testing equipment, the electromagnetic
resistance sensor is very fit for the working condition. Unlike the infrared sensor, this sensor can be used 
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in heavy dust and high humidity environment, because these factors don’t influence the magneto 
transmission.
HMC1051 is a series of electromagnetic resistance sensor. With the help of the 4-element wheatstone 
bridge, this sensor has high performance magnetoresistive ability. With the high sensitivity ability, it is
capable of sensing fields below 0.1 milligauss. Not only can it monitor the motion of the crankshaft, but 
also can give the system the working state of the plunger. If one of the plungers has something wrong 
with the anastomosis system, the magnetism of the injector system would change and the signal of the 4-
element wheatstone bridge would fluctuate. So, this magneto resistance sensor can not only give us the 
correction factor but also can help us to test the working condition of the injector system. If the magnetic 
signal changes, alarm signal will be given by the flow meter.
3.2. The design of the comprehensive information processor system
Information process system is another important part of this design. With the complex working 
environment and the maneuverability considered, PIC16 F877 type singlechip, which has a strong 
information-processing capability, good stability and well working environment adaptability by the 
design, has been chosen to realize the control and calculation functions [5].
Being a control center of the equipment, PIC16 F877 processor can receive commands both from the 
key board and the computer. These commands include reset, start, stop, parameter setting, alarm setting, 
and injector’s correction coefficient test.
Calculation functions comprise flow rate calculation, injected water volume statistic, injector water 
pressure changes judgment, union conversion, injector’s correction coefficient calculation, and injector 
working condition monitor.
3.3. The design of data display and transfer system
The aim of this flow meter system is to offer water injected information to guide the risk relieving 
work. How to display and translate the data can show the humanized design of the electro-communication 
system.
First, the display system can show the monitor data which include flow rate, injected water volume, 
injector water pressure changes, injector’s correction coefficient changes in recent 10 times by table or 
graphic on the LCD monitor.
Then, the operator can operate the equipment directly by the touch screen to set the parameters, and 
choose the channel of sensor etc.
In order to improve the stability of the flow meter, the signal sampling system of the meter has been 
designed by some communication modes such as 4~20mA, 1~5mA and 200~1000Hz, which have been 
used widely in the mining monitor system. If the user has another communication mode, it is only 
necessary to change a new communication board to satisfy the demand.
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Fig. 3. Electrical schematic diagram
4. Result
The safety condition of mining is closely related with the life safety of the workers, the possession 
safety and influence of society. It is a very important factor in mining. Coal-rock dynamic disaster is one 
of the serious disasters in mining. With the deep level of coalbed, it becomes more serious and achieves
more attention of the society. Coalbed water injection technology is a good method to solve this problem. 
The injected water volume and pressure changes are very important parameters to judge the water 
injection efficiency and measure the disaster remission condition. This high pressure water injection flow 
meter becomes a key point for this technology.
With the theory of this design, it can work automatically, and monitor many parameters of injector 
work, including injected water flow rate monitor, injected water volume statistic, time judgment of 
injector water pressure changes, automatic calculation of injector’s correction coefficient, and judge of 
the plungers working condition by recent correction coefficient value and monitor of injector working 
condition.
This system has also very good humanized design. It can show the different data by table and graphic 
model with different kinds of union on the LCD. It can not only allow the worker to operate the system 
directly, but also can control it with remote control. This equipment could help the company to realize 
more safety work in mining.
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